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5mm Abstract
The excitation of electromagnetic (EM) wake waves in electron plasma by an one-dimensional bunch of
charged particles has been considered in the presence of intense monochromatic circularly polarized electro-
magnetic (CPEM) pump wave. In the zero state (in the absence of bunch) the interaction of the pump wave
with plasma is described by means of Maxwell equations and relativistic nonlinear hydrodynamic equations
of cold plasma. The excitation of linear waves by one-dimensional bunch is considered on this background. It
is shown that there are three types of solutions of linear equations obtained for induced waves corresponding
to three ranges of parameter values of the pump wave, bunch and plasma. In the rst range of parameter
values the amplitude of transverse components of induced waves is shown to grow as the bunch energy and
after some value of the relativistic factor of the bunch to be almost independent of the energy and increase
proportional to the intensity and frequency of the pump wave. The dependence of longitudinal component
of induced waves on the relativistic factor of the bunch is weak. Its amplitude and wavelength grow as the
intensity of pump wave. The second range of parameters is a resonance one. The amplitude of the wave
excited by the bunch is a linear function of the distance to the bunch. In the third range of parameter values
the longitudinal component of induced elds are localized near the bunch boundaries and are exponentially
decreased with the increase in distance from these boundaries. The amplitudes of transverse components of
induced waves reach a constant value with the distance from the bunch boundaries.
PACS number(s): 52.35.-g, 52.40.Mj, 52.40.Nk
Introduction
At present the studies on new methods for charged particle acceleration by means of wake elds generated
in plasma by laser radiation (BWA (Beat Wave Acceleration), LWFA (Laser Wake Field Acceleration)) and
by bunches of relativistic particles (PWFA (Plasma Wake-Field Acceleration)) in flight through plasma are
intensively developed (see, e.g., the reviews [1, 2] and references therein). The intensity of acceleration elds
(in the order of 107 − 108V=cm), attained by these methods can be used both for the charge acceleration,
and for focusing of electron (positron) bunches in order to obtain the beams of high density and to ensure
high luminosity in linear colliders of next generation.
The linear theory of wake eld generation by rigid bunches of charged particles in boundless and limited
plasma was developed in many works (see, e.g., [3-11]). The nonlinear theory of wake eld generation by a
rigid one-dimensional bunch of nite extent was developed in [12-18]. An important result of this theory is the




1/2 is the plasma frequency of electrons, nb and n0 are the densities of the bunch
and plasma electrons, γ0 =
(
1− 20
−1/2 is the relativistic factor of the bunch, 0 = v0=c. The Dawson [17]
wave breaking limit is equal to Emax  2mv0!p=e when γ0  1 (0  1). In the linear case nb=n0  1,
Emax ’ 2(mv0!p=e)(nb=n0) for arbitrary γ0.
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The one-dimensional relativistic strong waves can be excited in the plasma by wide relativistic bunches of
charged particles or intense laser pulses [1, 19], (when kpa0  1, where kp = !p=v0, a0 are the characteristic
transverse sizes of bunches or pulses).
In the present work the eect of the CPEM pump wave with an arbitrary intensity parameter (A =
eE0=mc!0, where E0 and !0 are the amplitude and the frequency of the EM wave) on the excitation of
EM wake waves by one-dimensional relativistic electron bunch in cold plasma has been studied. Here the
rate of electron oscillations in the pump wave may be of the order of light velocity. One can obtain the
exact solutions of the Maxwell equations and of nonlinear hydrodynamic equations [18, 20] for CPEM wave
interacting with plasma as well as derive the exact dispersion equation for waves propagating in the same
direction as pump wave [20, 21]. The parametric instability of the plasma in the presence of CPEM wave
has been studied rather well yet in early works (see, e.g., [20, 22, 23] and literature therein). Max and
Perkins [22] investigated an aperiodic low frequency instability of plasma in the dipole approximation. The
instability of plasma in the presence of strong CPEM wave was considered in [20] and it was shown that at
parametric excitation of nonpotential oscillations in plasma by a CPEM the relativistic motion of electrons
is essential for the arbitrary value of pump wave amplitude.
This paper is organized as follows. The derivation of equations for the velocity of motion of an electron
liquid in plasma and for EM elds excited by an one-dimensional electron bunch in the presence of CPEM
wave is given in Sec. II. The interaction of the pump wave with plasma (in the absence of a bunch)
is described by Maxwell equations and nonlinear hydrodynamic equations of cold plasma. In this case
a spatially homogeneous state of plasma is possible [18, 20]. Then, assuming that this state is weakly
perturbed by one-dimensional bunch in the plasma, the equations for induced elds, density and velocity of
plasma electrons are obtained using the perturbation theory methods. In Sec. III the general expressions for
induced EM elds of one-dimensional bunch with an arbitrary density prole are obtained using the method
of Green’s functions. There are three ranges of values of plasma, pump wave and bunch parameters, where
the properties of the Green’s functions and, hence, the behavior of excited waves, are abruptly changed. In
Sec. IV the elds excited in plasma by a bunch with uniform distribution of electron density are considered.
For each of the mentioned ranges of parameters the expressions for induced elds components are obtained
and corresponding numerical calculations are carried out. A brief summary of the results is given in Sec. V.
An alternative method for obtaining the induced elds is discussed in the Appendix.
Basic Equations
As an initial system of equations we shall use the Maxwell equations and relativistic hydrodynamic
equations of motion of cold electron plasma under assumption that the oscillation velocity of plasma electrons
in a CPEM wave much exceeds their thermal velocities and the frequency !0 of the CPEM wave is much
higher than the frequency of electron-ion collisions:
equation rB = 1
c
∂E
∂t − 4piec nv− 4piec uNb();
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